Encephalitozoon cuniculi is a protozoan of the Phylum Microsporidia (Sprague, 1977) and was first discovered by Levaditi, Nicolau & Schoen (1923) in a rabbit. Members of this Phylum are small, usually intracellular parasites, of a wide variety of host species, including mammals. Infection with the organism is usually without apparent clinical manifestations. In the chronic stage, the organisms are located in specific organs, and the characteristic lesions are diagnostic of the presence of this parasite (Shadduck & Pakes, 1971) . Clinical symptoms have been described in the rabbit which may be attributable to the infection (Pattison, Clegg & Duncan, 1971) , although these would appear to be rare from the small number of reports published.
Surveys carried out by one of us (JG) show that all conventional rabbit colonies are infected by this parasite to a varying degree, and that rodents such as rats, mice and guineapigs living in contact with infected rabbits are susceptible to infection.
It is generally accepted that the most common route of transmission is the oral one, since spores are passed profusely in the urine of infected rabbits; Cox, Walden & Nairn (1972) found 10 6 spores excreted in a naturally-infected rabbit. Levaditi et al. (1923) showed that the spores are directly infective for susceptible rabbits.
There have, however, been some reports of transplacental transmission in the rabbit by Hunt, King & Foster (1972) who found E. cuniculi in a caesarianderived, germ-free rabbit, and in cross-fostering studies in mice by Perrin (1943) .
The standard method of producing disease-free laboratory animals at present is the caesarian derivation of the young into a clean environment and hand-rearing them to maturity to provide breeding nuclei: it is therefore important to know how frequently E. cuniculi passes the placental barrier in naturally-infected colonies.
In this study an attempt was made to assess the incidence of transplacental transmission in a naturallyinfected rabbit colony and to evaluate the effect of timed oral infection of the doe on this phenomena.
Materials and methods

Animals
Housing. Rabbits maintained at the breeder's premises were housed in stainless-steel wire mesh cages with wooden nesting boxes for the females. In the study of experimental infections, rabbits which had been reared and maintained under specified pathogenfree (SPF) conditions were maintained for experiment in sterilized, stainless-steel cages (All-Type Tools (Woolwich) Ltd, Purland Road, London, SE28 OAS, UK) in an isolated room. Sterilized cardboard nesting boxes were provided for the does.
Mice were housed in standard polycarbonate boxes (North Kent Plastic Cages Ltd, Home Gardens, Dartford, Kent, DAI lER, UK) maintained under SPF conditions to the time of the experiment.
Diet. Commercially-bred rabbits were fed RGP pelleted diet (Labsure Animal Foods, Agrarian House, Castle Street, Poole, Dorset, BH15 IHL, UK) hay and water ad libitum. Experimental rabbits were fed RGP pellets sterilized by 2·5 Mrad y-irradiation and autoclaved water containing 400 mg/litre nitrofurazone ('Bifuran'; Eaton Laboratories, Regent House, Broadway, Woking, Surrey, GU21 SAP, UK) to reduce any coccidial infection of the animals. In both experiments growing young were left with the doe and weaned on to solid food at 3 weeks of age.
Mice were fed sterile PRD pelleted diet (Labsure Animal Foods) and autoclaved water ad libitum.
Bleeding methods. Rabbits and mice for post-mortem examination were bled directly from the heart. Rabbits to be bled at intervals were sampled from the ear vein. This was done by scarifying the vein and collecting the blood directly into a 'bijou' bott/e.
Source of Encephalitozoon cuniculi
The organism used was a laboratory culture maintained by mouse passage and tissue culture and originally given to the laboratory in 1974 by Dr E. U. Canning of the Parasitology Department of Imperial College London.
Serological test
The immunoperoxidase (IP) test (Gannon, 1978) was carried out on all sera examined in both experiments. Antigen was prepared from tissue culture spores harvested from MDCK cells (Waller, 1975) . These were washed and a suspension of 1 X 10 6 made up in sterile phosphate buffered saline (PBS). Drops of about 50 ,um 3 volume were placed in the wells of glass slides coated with polytetrafiuoroethylene (Kane, Matossian & Batty, 1971) , allowed to dry and heatfixed. These were used immediately or stored at -70°C.
Slides with antigen were treated with 0·5% hydrogen peroxide in methanol then immersed in 2·0% horse serum in PBS for 30 min before drying and applying the test sera. This was incubated for 30 min, washed in PBS and dried. Optimally diluted goat-antirabbit or anti-mouse conjugated with horseradish peroxidase (Miles-Yedall (UK) Ltd, Stoke Court, Stoke Poges, Berkshire, SL2 4LY, UK) was applied to the slides which were then incubated for 30 min before washing thoroughly with PBS. The slides were next placed for 10 min in a solution of 0·01% hydrogen peroxide in 0·05% solution of substrate o-dianisidine (Serva Feinbiochemica, Karldenz Stral3e, 7, 69 eidelberg, West Germany), made up in distilled water. A final wash in PBS and these slides were mounted in a glycerol mountant.
Histology
Tissues were fixed in 10% formal saline, sectioned at 5 ,urn and stained with both Gram Twort stain (Ollett, 1951 ) and Erlich's haematoxylin and eosin. Procedure Experiment 1: natural infection. This was carried out on the premises of a commercial breeder using New Zealand White rabbits. Of 4 pregnant females with an antibody titre of 1: 512 against E. cuniculi, 3 produced 8 and the other 7 young. They were serologically examined again at the end of the experiment. 2 neonates were culled immediately after birth and a further young rabbit on each of days 10, 22, 36 and 48 after parturition, from each mother. The culledneonates were bled by heart puncture for serological examination, and brain, kidney, liver and lung were taken for both mouse passage and histological examination. The remaining young were bled from the ear vein on days 81 and 112 for serological examination.
The tissues for passaging were homogenized in a ground-glass hand homogeniser or Griffiths tube, and suspended in sterile PBS. 1 ml of this suspension was inoculated intraperitoneally into groups of 6 mice. These were examined 2 weeks after inoculation, and peritoneal washings were passaged into further mice. Those mice were culled after 14 days and impression smears of the peritoneum were examined using Gram Twort's stain. Experiment 2: induced irifection. Groups of 2 SPF female rabbits were orally inoculated with peritoneal exudate from infected mice at 2 intervals after mating. The rabbits were New Zealand White and New Zealand White-crosses, kindly supplied by Mr Andor Sebesteny of the Imperial Cancer Research Fund, Lincoln's Inn Fields, London. This colony is believed to be free from E. cuniculi and the 4 rabbits were seronegative when screened on reception, 24 h after mating. 2 rabbits were given 5 ml of a suspension of spores (prepared from the peritoneal exudate of 25 mice infected 2 weeks previously) in Alsevers' solution. The cells and spores were washed and administered by means of a stomach tube and gag. The remaining 2 rabbits were inoculated in a similar manner 10 days later in mid-term. The adults were bled and tested at 1-2 week intervals throughout the 22-week study.
Only 3 of the 4 rabbits in the trial were pregnant and gave birth normally. The first animals inoculated, Rl and R2, produced 4 and 5 young respectively: of the 2 receiving the later dose only 1 was pregnant and gave birth to 4 young.
A single pup was culled from each litter immediately after birth. Blood taken for serology as above and tissues passaged into mice. The difference in this experiment was that all mice were kept for 12 weeks, then bled and tested serologically for antibodies against E. cuniculi using serological tests. A single young rabbit from each litter was culled, sera collected and tissue taken for histology as above at 14 and at 21 days.
Results
Experiment 1
The results of the serological tests are given in Table 1 . The positive titres of the 4 young rabbits dropped sharply to I: 8 at day 48 and remained at this level except in a single animal, which had a titre of 1 :256 on day 81, rising to 1:2048 on day 112. Serological tests on adult females showed no change in antibody titre (1 :512) from first to last bleeding.
No lesions or spores were detected in any of the tissues examined histologically in the neonates culled at birth, or up to 48 days after birth, nor in the mice used for tissue passage. • 2 rabbits remained, with similar titres
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Experiment 2
All 4 female rabbits were seronegative on arrival and antibody was first detected 14-21 days after inoculation. Rabbit Rl had an antibody titre of 1 : 16 and R2 one of 1 : 256. In both this rose to 1 : 4096 over the period of observation and in both the titres were over 1: 1024 at the last test. Rabbits R3 and R4, which were inoculated 3 weeks after mating, also had detectable antibodies 14-21 days post inoculation. R3 remained at low levels, never above 1 :256, whereas R4 rose to 1 :4096 and was at that level at final bleeding.
The results of the serological tests carried out on the offspring are given in Table 2 . Initial antibody titres were low and at 7 weeks had dropped to negative in all remaining neonates (titres of less than 1: 32 are taken as negative). At 8 weeks 1 animal from the RZ litter had an antibody titre of 1 : 256 which rose to 1 : 4096 at 10 weeks and remained at this level.
No lesions or spores were detected in the histological sections examined, nor in the mice inoculated with tissue homogenates and examined serologically and histologically.
Discussion
From the results of these experiments it would appear that transplacental transmission is not a common method of transmission for E. cuniculi. In the 1st experiment, the 4 females had apparently wellestablished infections, and of the 24 young examined no organisms were isolated in those killed for postmortem examination and the titre of the remaining pups increased slightly before dropping. This can only be attributed to maternal antibodies passed on to the young in the milk of their mothers and which, significantly, disappeared when the young were weaned. There is a marked difference in the levels of maternal antibody found in the neonates of the 2 experiments. Females in the 1st experiment had already established infections at mating, whereas those in the 2nd experiment were infected after mating and had titres which rose, in the case of Rl and R2, to 1: 256. R3, infected even later, was negative at parturition and only rose to 1 :64 after 7 days. Allowing for the individual variation, the pattern of rise and fall in antibody titre between the 2 experiments is remarkably similar. In both experiments it dropped to undetectable levels, and the sudden marked rise in titre which appeared in single animals in both experiments would seem to indicate infection by contamination. Cox, Oallichio, Pye &. Walden (1977) found cerebral lesions in young 5 weeks old from an infected female, and Hunt et a/. (1972) found lesions in a germ-free rabbit which would tend to indicate that transplacental transmission does occur: from our studies it appears that the majority of infections are due to contamination.
An interesting observation is that infections are picked up only after a period of time and, considering the large number of spores which must be in the environment, that few of the animals examined become actively infected during these first few months. From the serological examination of the mothers in Experiment 2 it was observed that antibodies appeared in the blood at 2 weeks after infection. The appearance of a high titre in 1 of the pups in Experiment 1 at 11 weeks and Experiment 2 at 8 weeks indicates that infection was no earlier than 2 weeks beforehand, when maternal antibodies were dropping.
Tissue passage and histology are, of course, not the most reliable methods of detection for this organism. It is impossible to search every portion of the tissue taken for histology, although it is unlikely that from the 33 young animals examined, some sign of infection would not be apparent were it there. As for passage, Petri (1969) postulated that a threshold value of 10 4 spores is required to produce infection in mice. It is possible that less than this may result in a significantly slower development, but until more trials are done the ability of 1000 (or even 100) viable spores inoculated intraperitoneally to establish and elicit an antibody response cannot be ruled out.
It is therefore suggested that the absence of spores in the 2nd passage in Experiment 1 and the absence of antibodies in mice sacrificed at 12 weeks is a fair indication of the absence of Encephalitozoon in the neonates.
